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Introduction
============

Many studies of the effects of smoking on mortality have been carried out in Japan and these have led to the qualitative conclusion that smoking causes the same diseases in Japan as elsewhere.[@ref1] Quantitatively, however, several of these studies have suggested that the magnitude of the effect of active smoking on overall mortality is smaller in Japan than in other countries. For example, a recent analysis of data from three large scale cohorts based on general Japanese populations suggested that smoking reduced life expectancy by only about four years in both men and women,[@ref2] while an analysis of data from another large cohort suggested that smoking reduced life expectancy by four years in men and two years in women.[@ref3] Such reductions in life expectancy are substantially smaller than the 10 year reduction seen in the British Doctors' Study for male smokers born during 1900-30,[@ref4] and the nine year reduction in men and eight year reduction in women seen in the Framingham Heart Study in the United States.[@ref5]

In this report we investigate the impact of smoking on overall mortality in the Life Span Study (LSS), a large cohort that is made up partly of atomic bomb survivors and and partly of a sex and age matched sample of other people who were residents of the cities of Hiroshima and Nagasaki in 1950 and born before August 1945 but who were not in the cities at the time of the bombings. Some analyses of the effect of smoking on subsequent mortality from specific diseases[@ref6] [@ref7] and of the extent to which smoking modifies the risks resulting from radiation exposure[@ref8] [@ref9] have been carried out, but the overall impact of prolonged smoking on overall mortality and life expectancy in this cohort has not previously been described. Although the primary purpose of the LSS was to investigate the effects of radiation, about half the 120 000 cohort members were either away from the cities at the time of the bombings or else sufficiently far away from the hypocentres of the blasts to have received exposure comparable to only one or two years of natural background radiation (that is, \<5 mGy). The remaining half were exposed to whole body radiation at an average dose of 170 mGy, and it is estimated that about 3% of their deaths since 1950 are attributable to radiation.[@ref10]

Methods
=======

Material
--------

The 1950 Japanese national census included a supplementary question about location at the time of the atomic bombings (6 August 1945 for Hiroshima and 9 August for Nagasaki). Based on the information obtained, the LSS cohort of 120 321 people was established. Smoking information was not obtained for the cohort when it was initiated, but was sought from a large proportion of those surviving in a series of mail surveys and clinic interviews carried out during 1963-92[@ref11] (table 1[](#tbl1){ref-type="table"}). Few people reported smoking products other than cigarettes, and those who did generally reported smoking cigarettes as well. Therefore, smokers of cigarettes and other products have been considered together. Smoking information was ascertained once for 31 142 individuals and more than once for 36 831 individuals and, where it had changed, an individual's smoking status was updated the following year. Only logically valid changes in smoking status were allowed; subjects were censored when they reported an invalid transition (such as current smoker on one occasion and lifetime non-smoker on a later occasion). The vital status of cohort members has been monitored regularly by means of the Japanese National Family Registration System, and follow-up is complete for 99.8% of them. When a cohort member dies, the death certificate is obtained. The study was approved by the Radiation Effects Research Foundation institutional review board.

###### 

 Mail surveys and clinic interviews during which smoking information was observed for members of the Life Span Study cohort

  Year of survey (reference for survey protocol)            Target population                                    No of respondents   Response rate (%)
  --------------------------------------------------------- ---------------------------------------------------- ------------------- -------------------
  **Interview based clinic surveys**                                                                                                 
  1963-64 (Sagan et al 1963^12^)                            AHS cohort                                           9315                85-90\*
  1964-68 (Sagan et al 1963^12^)                            AHS cohort                                           12 776              
  1968-70 (Sagan et al 1963^12^)                            AHS cohort                                           11 203              
  **Mail surveys**                                                                                                                   
  1965 (Kato et al 1965^13^)                                LSS cohort, men aged 40-69 years                     12 321              94
  1969-71 (Wakabayashi 1969^14^)                            LSS cohort, women, excluding AHS cohort              20 831              53
  1978-81 (Chief of Epidemiology and Statistics 1978^15^)   LSS cohort, excluding NIC subjects†                  40 347              72
  1991-92 (Akiba et al1991^16^)                             LSS cohort, excluding AHS cohort and NIC subjects†   33 220              76

AHS cohort=Adult Health Study cohort (a subset of the Life Span Study cohort). LSS= Life Span Study.

\*Range of participation rates in AHS health examination cycles.

†Subjects who were not in city at the time of the bombings.

Statistical analysis
--------------------

For analyses of death rates, individuals contributed to the person years at risk from the earliest of 1 January 1965 or one year after the first mail survey or clinic interview at which they provided information on smoking status, and they were censored on the earliest of date of death, loss to follow-up, 100th birthday, or 1 January 2008. Deaths and person years at risk were subdivided according to sex; attained age and calendar year (both in five-year groups); smoking status when last asked (never, current, or former); and, for specific analyses, by other factors as well. Analyses were carried out using Poisson regression in Stata version 12.0 and were stratified by age in five-year groups and, where appropriate, also by calendar year in five-year groups. Significance tests were two sided.

Age standardised death rates for never smokers and current smokers by calendar year of birth were obtained via a two stage process. First, Poisson regression models were fitted by maximum likelihood with decade of birth and age (in five-year groups) both as categorical variables. The age standardised death rate in each birth decade was then taken to be the weighted average of the fitted rates at each level of age, with weights equal to the overall proportion of the total person years in each age category. Survival probabilities were estimated using the Kaplan-Meier method. The study did not contain any information on children or young adults. Therefore, survival probabilities from age 35 years were estimated for individuals born during 1920-45, and from age 55 for individuals born before 1920.

Results
=======

Length of follow-up and smoking status
--------------------------------------

A total of 27 311 men and 40 662 women provided information on smoking status at one survey or another, either by mail or at a clinic interview, and the average length of follow-up after first providing information on smoking status was 22.9 years (20.4 for men and 24.6 for women). In the late 1960s, 74% of men and 13% of women reported that they were current smokers, and 13% of men and 2% of women reported that they were former smokers (table 2[](#tbl2){ref-type="table"}). In later survey periods, the percentages of current smokers decreased in both sexes and the percentages of former smokers increased. Among current and formers smokers, 25% of men (5842 individuals) and 5% of women (357 individuals) reported that they had started smoking before the age of 20.

###### 

 Study population (of survey respondents who gave information on smoking status) by survey period, sex, and smoking status. Values are numbers of respondents (with row percentages)

  Survey period                                        Smoking status   Total                     
  ---------------------------------------------------- ---------------- ------------- ----------- --------------
  **No of responders in each survey period**                                                      
  Men:                                                                                            
   1963-71\*                                           1835 (13)        10 218 (74)   1744 (13)   13 797 (100)
   1978-81                                             2196 (15)        9088 (63)     3139 (22)   14 423 (100)
   1991-92                                             1879 (17)        5781 (52)     3427 (31)   11 087 (100)
  Women:                                                                                          
   1963-71\*                                           20 957 (85)      3274 (13)     519 (2)     24 750 (100)
   1978-81                                             19 555 (84)      2536 (11)     1077 (5)    23 168 (100)
   1991-92                                             16 483 (84)      1579 (8)      1457 (8)    19 519 (100)
  **Cumulative number of responders (all periods)†**                                              
  Men:                                                                                            
   Total                                               3873 (14)        16 318 (60)   7120 (26)   27 311 (100)
   Started smoking at age \<20 years                   ---              4363          1479        5842
  Women:                                                                                          
   Total                                               33 736 (83)      4494 (11)     2432 (6)    40 662 (100)
   Started smoking at age \<20 years                   ---              248           109         357

\*Surveys were by mail except for 5531 men and 8549 women interviewed in clinics during the first survey period.

†People taking part in more than one survey period are counted only once and are classified by their most recent known smoking status. A further 2738 people were surveyed but did not provide information on smoking status.

Current smokers
---------------

Compared with never smokers, mortality from all causes among current smokers increased progressively with decade of birth: death rate ratios were 1.24, 1.39, 1.49, 1.55, 1.82, and 1.92 respectively for men born before 1890, 1890-99, 1900-09, 1910-19, 1920-29, and 1930-45 (P value for trend=0.00001, table 3[](#tbl3){ref-type="table"}) and were 1.32, 1.38, 1.41, 1.69, 1.82, and 1.79 respectively for women born in the same periods (P value for trend\<0.00001). The numbers of cigarettes smoked by current smokers also increased progressively by decade of birth, from 13 per day for men born before 1890 to 24/day for those born during 1940-45, and from 7/day for women born before 1890 to 13/day for women born during 1940-45 (fig 1 top panel [](#fig1){ref-type="fig"}).

![**Fig 1** Characteristics of smokers by sex and year of birth. Top: mean number of cigarettes smoked per day by current smokers (calculated as average of all reported). Bottom: mean age at which current smokers started to smoke. (Error bars show 95% confidence intervals)](sakr008399.f1_default){#fig1}

###### 

 Mortality from all causes by sex and year of birth among never smokers and current smokers

  Year of birth   Never smokers          Current smokers   Rate ratio (95% CI) current *v* never smokers          
  --------------- --------------- ------ ----------------- ----------------------------------------------- ------ ---------------------
  Men:                                                                                                            
   \<1890         40              43.0                     72                                              53.4   1.24 (0.84 to 1.83)
   1890-99        455             27.5                     1529                                            38.2   1.39 (1.25 to 1.54)
   1900-09        696             23.4                     3122                                            34.9   1.49 (1.37 to 1.62)
   1910-19        401             17.6                     2300                                            27.3   1.55 (1.39 to 1.72)
   1920-29        160             14.1                     1384                                            25.7   1.82 (1.55 to 2.15)
   1930-45        244             11.3                     1705                                            21.7   1.92 (1.68 to 2.20)
                                                                                                                  P~trend~=0.00001
  Women:                                                                                                          
   \<1890         418             35.8                     82                                              47.2   1.32 (1.04 to 1.67)
   1890-99        1977            29.0                     364                                             40.0   1.38 (1.23 to 1.54)
   1900-09        4421            23.6                     757                                             33.3   1.41 (1.31 to 1.53)
   1910-19        3779            14.9                     744                                             25.2   1.69 (1.56 to 1.83)
   1920-29        2608            11.7                     514                                             21.3   1.82 (1.66 to 2.00)
   1930-45        1147            9.6                      217                                             17.2   1.79 (1.55 to 2.07)
                                                                                                                  P~trend~\<0.00001

\*Rate per 1000 person years, standardised for age.

Among all men born before 1920, the overall death rate ratio for current versus never smokers was 1.46 (95% confidence interval 1.38 to 1.54), while for those born during 1920-45 it was substantially higher, at 1.89 (1.70 to 2.10). For women, the corresponding death rate ratios were 1.51 (1.43 to 1.58) and 1.81 (1.67 to 1.96). The higher death rate ratios in individuals born during 1920-45 compared with individuals born earlier could not be explained by an effect of calendar period, as there was little trend with calendar period in the death rate ratios for current smokers versus never smokers for either men or women (see extra tables 1a and 1b in supplementary material on bmj.com). Nor could it be explained by an effect of attained age, as there was little trend in the death rate ratio for current smokers versus never smokers across the three age groups \<60, 60-69, and ≥70 years for men born at any time, or for women born before 1920. Also, the death rate ratios were generally higher for those born during 1920-45 than for those born before 1920 (see extra tables 2a and 2b in supplementary material on bmj.com).

Irrespective of period of birth (\<1920 or 1920-1945), and for both sexes, death rate ratios were highest among those who had started smoking before age 20 and lowest among those who did not start smoking until they were at least 30, and these trends with age at starting smoking were highly significant (table 4[](#tbl4){ref-type="table"}). In both sexes the death rate ratios in individuals born during 1920-45 who started smoking before age 20 were more than two (death rate ratio for men 2.21 (1.97 to 2.48), based on 1121 *v* 404 deaths; death rate ratio for women 2.61 (1.98 to 3.44), based on 51 *v* 3755 deaths). If these increases among smokers are largely causal, it suggests that , unless they manage to stop, more than half of these smokers will eventually be killed by smoking.

###### 

 No of deaths from all causes and death rate ratios among current smokers compared with never smokers by sex, year of birth, and age at starting smoking

                                 Men                          Women                                                                            
  ------------------------------ ------ --------------------- ------- ------ --------------------- -- -------- --------------------- -- ------ ---------------------
  **Current smokers**                                                                                                                          
  Age started smoking (years):                                                                                                                 
   \<20                          1272   1.66 (1.54 to 1.79)           1121   2.21 (1.97 to 2.48)      68       1.54 (1.21 to 1.95)      51     2.61 (1.98 to 3.44)
   20-29                         4862   1.42 (1.34 to 1.51)           1674   1.71 (1.53 to 1.91)      369      1.53 (1.38 to 1.70)      311    2.01 (1.79 to 2.25)
   ≥30                           657    1.17 (1.07 to 1.29)           40     1.48 (1.07 to 2.05)      677      1.26 (1.16 to 1.36)      200    1.40 (1.22 to 1.62)
   P value for trend                    \<0.00001                            \<0.00001                         0.001                           \<0.00001
  Unknown age started smoking    232    2.85 (2.48 to 3.28)           254    2.04 (1.74 to 2.39)      833      1.78 (1.65 to 1.91)      169    1.94 (1.67 to 2.27)
  All ages                       7023   1.46 (1.38 to 1.54)           3089   1.89 (1.70 to 2.10)      1947     1.51 (1.43 to 1.58)      731    1.81 (1.67 to 1.96)
  **Never smokers**                                                                                                                            
  All ages                       1592   ---                           404    ---                      10 595   ---                      3755   ---

\*Rate ratios stratified for age and calendar period.

For both sexes, the mean age at which smokers started to smoke decreased with each successive decade of birth, from 23.4 years for men born before 1890 to 19.8 years for those born during 1940-45, and from 36.0 years for women born before 1890 to 24.3 years for women born during 1940-45 (fig 1[](#fig1){ref-type="fig"}). Among men born before 1920, only 18% of smokers started smoking before age 20 (extra fig 1 on bmj.com) and the mean number of cigarettes smoked per day was 16, whereas, among men born during 1920-45, 36% of smokers started smoking before age 20 and the mean number of cigarettes smoked per day was 23. Among women born before 1920, only 6% of smokers started smoking before age 20 and the mean number of cigarettes smoked per day was 10, whereas, among women born during 1920-45, 8% of smokers started smoking before age 20 and the mean number of cigarettes smoked per day was 17. Thus, the increasing death rate ratios for current smokers versus never smokers among those born in later decades (table 3[](#tbl3){ref-type="table"}) can be explained partly by the fact that those born later smoked more cigarettes per day and partly by the fact that a larger proportion of them started to smoke at a younger age.

Among men born during 1920-45 who started to smoke by age 20, 72% survived to age 70 years. In contrast, among men born in the same period who never smoked, 72% survived to age 78 years (that is, an additional eight years) (fig 2[](#fig2){ref-type="fig"}). For women the difference was just as striking. Among women born during 1920-45 who started to smoke by age 20, the percentage who survived to age 70 years was 79%. In contrast, among women born in the same period who never smoked, 79% survived to age 80 years (an additional 10 years). The differences in life expectancy between current and never smokers were greater for smokers who started to smoke before age 20 than for those who did not start to smoke until they were older, and the differences were greater for those born during 1920-45 than for those born before 1920 (extra fig 2c).

![**Fig 2** Survival from age 35 years for Japanese men and women born between 1920 and 1945 who were never smokers or who started to smoke before age 20 years and continued smoking (mean smoking intensity among smokers of 23 cigarettes/day for men and 17 cigarettes/day for women). (Additional survival curves are given in extra figs 2 and 3 in supplementary material on bmj.com)](sakr008399.f2_default){#fig2}

Former smokers
--------------

A total of 7120 men and 2432 women reported that they had given up smoking (table 2[](#tbl2){ref-type="table"}). Mortality in former smokers was higher than in never smokers but lower than in those who continued to smoke. There were no significant trends with calendar period in the death rate ratios for former smokers versus never smokers for either men or women (extra tables 1a and 1b on bmj.com). However, the earlier that an individual managed to stop smoking the greater the benefit (P value for trend \<0.00001 for people (men and women combined) born before 1920 and \<0.00001 for people born during 1920-45 ). (table 5[](#tbl5){ref-type="table"}). When the numbers of deaths among former smokers are subdivided by the age when they stopped smoking as well as birth cohort (before or after 1920) , they become too small for the analyses to provide statistically reliable estimates. For example, for people (men or women) who were born during 1920-45 and stopped at ages 35-44 years the death rate ratio compared with never smokers was 1.22 (1.06 to 1.40) based on only 246 deaths in former smokers. The confidence interval is wide but, nevertheless, its upper end guarantees substantial avoidance of risk in comparison with those who continued to smoke. Similarly, if we combine men and women born before 1920 with those born during 1920-45 who started smoking at any age and stopped before age 35, we have only 324 deaths in former smokers (as against 317 expected at the death rates of never smokers: death rate ratio 1.02 (0.91 to 1.13)). Again the upper end of the confidence interval guarantees substantial protection. Further subdivision of these individuals by age, sex, and time period (table 5[](#tbl5){ref-type="table"}) yields relatively wide confidence intervals.

###### 

 No of deaths from all causes and death rate ratios among former smokers by sex, year of birth, and age at quitting smoking

                               Men          Women                    Men and women                                              
  ---------------------------- ----- ------ --------------------- -- --------------- -------- --------------------- -- -------- ---------------------
  **Born before 1920**                                                                                                          
  Former smokers:                                                                                                               
   Age quit smoking (years):                                                                                                    
    \<25                       22    32     1.19 (0.84 to 1.68)      21              3        0.89 (0.29 to 2.75)      35       1.13 (0.81 to 1.58)
    25-34                      30    125    1.13 (0.94 to 1.36)      30              30       1.16 (0.81 to 1.65)      155      1.12 (0.95 to 1.31)
    35-44                      40    253    1.09 (0.95 to 1.24)      40              56       1.04 (0.80 to 1.36)      309      1.06 (0.94 to 1.19)
    45-54                      50    540    1.11 (1.00 to 1.22)      50              123      0.93 (0.78 to 1.11)      663      1.05 (0.97 to 1.15)
    55-64                      59    732    1.23 (1.12 to 1.34)      60              200      1.22 (1.06 to 1.40)      932      1.21 (1.12 to 1.30)
    ≥65                        71    700    1.45 (1.33 to 1.59)      72              250      1.31 (1.15 to 1.48)      950      1.39 (1.29 to 1.49)
    P value for trend                       0.000003                                          0.01                              \<0.00001
   Unknown age                       161    1.51 (1.28 to 1.78)                      220      1.45 (1.27 to 1.66)      381      1.47 (1.32 to 1.62)
  Current smokers              ---   7023   1.45 (1.37 to 1.53)      ---             1947     1.50 (1.43 to 1.58)      8970     1.47 (1.41 to 1.52)
  Never smokers                ---   1592   ---                      ---             10 595   ---                      12 187   ---
  **Born 1920-45**                                                                                                              
  Former smokers:                                                                                                               
   Age quit smoking (years):                                                                                                    
    \<25                       22    20     0.91 (0.58 to 1.42)      22              5        1.54 (0.64 to 3.70)      25       0.98 (0.66 to 1.46)
    25-34                      30    85     0.83 (0.66 to 1.05)      29              24       1.21 (0.81 to 1.81)      109      0.89 (0.73 to 1.09)
    35-44                      39    200    1.21 (1.02 to 1.44)      39              46       1.27 (0.95 to 1.70)      246      1.22 (1.06 to 1.40)
    45-54                      49    273    1.43 (1.23 to 1.68)      49              74       1.59 (1.26 to 2.00)      347      1.46 (1.29 to 1.65)
    55-64                      58    206    1.73 (1.45 to 2.06)      59              61       1.49 (1.15 to 1.92)      267      1.65 (1.44 to 1.90)
    ≥65                        67    29     1.72 (1.16 to 2.57)      67              14       1.94 (1.15 to 3.29)      43       1.78 (1.30 to 2.45)
    P value for trend                       \<0.00001                                         0.09                              \<0.00001
   Unknown age                       90     2.14 (1.70 to 2.69)                      74       1.55 (1.23 to 1.95)      164      1.82 (1.56 to 2.14)
  Current smokers              ---   3089   1.89 (1.70 to 2.09)      ---             731      1.81 (1.67 to 1.96)      3820     1.84 (1.74 to 1.96)
  Never smokers                ---   404    ---                      ---             3755     ---                      4159     ---

\*Death rate ratios stratified for age, calendar period, and (when men and women combined) sex.

Effect of possible confounding factors
--------------------------------------

Information on several other variables that might affect individual risk was available from the mail surveys and clinic interviews. These variables included alcohol intake, highest educational achievement, body mass index, and dose of ionising radiation from the atomic bombs. However, the estimates of smoking related risk scarcely changed after adjusting for any of these possible confounding factors. (table 6[](#tbl6){ref-type="table"} and extra table 3 on bmj.com).

###### 

 Association between most recent smoking status and mortality stratified for possible confounding factors, as well as age and calendar year. Values are death rate ratios (95% confidence intervals)

  Additional stratification                                     Men                          Women                                                 
  ------------------------------------------------------------- ------ --------------------- --------------------- -- ------ --------------------- ---------------------
  **All individuals**                                                                                                                              
  None†                                                         1.00   1.55 (1.48 to 1.63)   1.26 (1.19 to 1.33)      1.00   1.58 (1.51 to 1.64)   1.28 (1.21 to 1.36)
  Alchohol intake (g/week)                                      1.00   1.52 (1.44 to 1.59)   1.25 (1.18 to 1.32)      1.00   1.58 (1.52 to 1.65)   1.29 (1.22 to 1.37)
  Body mass index (kg/m^2^)                                     1.00   1.55 (1.48 to 1.63)   1.26 (1.19 to 1.33)      1.00   1.56 (1.50 to 1.63)   1.28 (1.21 to 1.36)
  Highest education status                                      1.00   1.55 (1.48 to 1.63)   1.27 (1.20 to 1.34)      1.00   1.54 (1.48 to 1.60)   1.27 (1.20 to 1.35)
  Radiation dose (mGy to lung)                                  1.00   1.57 (1.49 to 1.65)   1.26 (1.19 to 1.33)      1.00   1.58 (1.51 to 1.64)   1.27 (1.20 to 1.35)
  **Individuals who started to smoke at age \<20 years only**                                                                                      
  None†                                                         1.00   1.84 (1.73 to 1.96)   1.34 (1.22 to 1.47)      1.00   1.87 (1.56 to 2.25)   1.65 (1.24 to 2.19)
  Alchohol intake (g/week)                                      1.00   1.81 (1.70 to 1.93)   1.34 (1.22 to 1.47)      1.00   1.92 (1.60 to 2.31)   1.69 (1.27 to 2.25)
  Body mass index (kg/m^2^)                                     1.00   1.86 (1.75 to 1.98)   1.35 (1.23 to 1.48)      1.00   1.85 (1.55 to 2.22)   1.64 (1.23 to 2.18)
  Highest education status                                      1.00   1.82 (1.71 to 1.94)   1.34 (1.22 to 1.47)      1.00   1.81 (1.51 to 2.22)   1.58 (1.19 to 2.11)
  Radiation dose (mGy to lung)                                  1.00   1.85 (1.73 to 1.97)   1.35 (1.23 to 1.48)      1.00   1.89 (1.58 to 2.27)   1.60 (1.20 to 2.14)

\*Reference category.

†Stratification for age and calendar year only.

Discussion
==========

Among this Japanese cohort, those who were born in 1920-45, and who started to smoke before age 20 and continued smoking, mortality from all causes combined was more than doubled compared with those who had never smoked, and their reduction in life expectancy was about one decade. However, much of the increase in risk was avoided by giving up smoking, and those who managed to stop by age 35 avoided nearly all of the risk in those who continued to smoke. The confidence intervals for the results in the present study are comparable with the finding in a much larger prospective study in the UK, which finds that stopping smoking by age 30 avoids about 97% of the increase in risk in continuing smokers [@ref34] and that, although substantial hazard remains for some decades among those who stop at age 40, it is only about one tenth of the excess hazard in those who continue smoking.[@ref4] [@ref34]

Among the smokers in this study, the average number of cigarettes smoked per day increased progressively with decade of birth for cohorts born from the end of the 19th century up until the second world war, while the mean age at starting to smoke decreased progressively (fig 1[](#fig1){ref-type="fig"}). Only among those born since 1920 did the number of cigarettes per day and the mean age at starting to smoke approach those in the United States[@ref5] and Britain.[@ref4] For example, in the British Doctors' Study, the median age at starting to smoke for continuing smokers who were born during 1900-1930 was 18 years.[@ref4]

In the British Doctors' Study, which was initiated in 1951 with follow-up on six successive occasions,[@ref4] the death rate ratio for continuing smokers compared with never smokers increased with increasing duration of follow-up. In the present study the average length of follow-up was 23 years, which is considerably longer than in the other major Japanese cohort studies of smoking, where the average length of follow-up is around 10 years. Also, other Japanese studies had only baseline smoking information, while in the present study, smoking status was ascertained more than once for many individuals, as in the British Doctors' Study. Those who had given up smoking by the time they were re-surveyed could therefore be reclassified as former smokers, rather than remaining classified as current smokers. These differences may partly explain why the risks of smoking appear to be greater in this study than in previous Japanese studies.[@ref2] [@ref17] Even in the present study, however, smoking information has been gathered infrequently. The most recent survey information available for analysis dates from 1992 and individuals who have given up smoking after their latest survey will be classified as current smokers right up until the end of the study. As a result, the true risks of continuing to smoke are probably underestimated in the present study.

The Six Prefecture Study, which was the first major cohort study of the effects of smoking in Japan, included only those born in the period 1900-26. It found increased mortality in current smokers compared with never smokers, but the increases were smaller than in the present study.[@ref18] More recent Japanese cohorts have included fewer individuals born before 1920 and more born after 1930 than the Six Prefecture Study. They found larger increases in mortality for current smokers compared with never smokers than the Six Prefecture Study,[@ref17] [@ref19] [@ref20] [@ref21] [@ref22] and more consistent with the results of the present study. However previous Japanese studies have not analysed their data by successive decades of birth. If such an analysis had been done, the results could have been similar to those observed in the present study, with larger increases in mortality for current smokers versus never smokers, and also larger reductions in life expectancy for smokers born in more recent decades than for smokers born earlier. Such an effect of birth cohort was also seen in the British Doctors' Study, where the reductions in life expectancy among current smokers compared with never smokers increased progressively for those born before 1900 and to those born during 1900-09, 1910-19, and 1920-29.[@ref4] In the Six Prefecture Study both male and female smokers who started to smoke at age \<20 years had slightly higher death rate ratios than smokers who did not start until they were older.[@ref19] In that early cohort the differences were not significant statistically, but in more recent Japanese studies clearer evidence of an increased risk among those who started smoking at younger ages has been seen,[@ref23] [@ref24] [@ref25] [@ref26] [@ref27] [@ref28] in line with, for example, US studies that found higher all cause mortality in those starting to smoke at younger ages.[@ref29] However, no previous Japanese study has looked directly at the effect of age at starting to smoke in people born in more recent decades.

During the first half of the 20th century, tobacco consumption was lower in Japan than in the US and many European countries.[@ref1] [@ref30] From the early 1950s, tobacco consumption in Japan increased steeply until mid-1970, and since then it has been among the highest in the world.[@ref30] Each year, the Japan Tobacco Company publishes estimates of the prevalence of smoking for men and women by decade of age from age 20.[@ref31] Their data suggest that, in 2009, 40% of men and 16% of women aged 20-29 were smokers, as were 47% of men and 17% of women aged 30-39. Smoking before age 20 is illegal in Japan (and has been since 1900), but estimates of its prevalence in school students are available from surveys by the Ministry of Health, Labour and Welfare. The most recent data are for 2004, at which time 42% of boys and 27% of girls in their final year of school (aged 17-18) admitted having tried smoking at least once, while 13% of boys and 4% of girls smoked every day, and a further 8% of boys and 5% of girls had smoked at least once in the previous month.[@ref32]

The future health risks to young Japanese smokers such as these will be substantial unless they manage to stop.[@ref33] Although many reports of the risks of smoking among the Japanese have suggested lower risks than studies carried out in Western populations, it is likely that this is due mainly to the inclusion of a large number of individuals who were born in the first quarter of the 20th century and started smoking at later ages and at lower intensities than do Japanese people born more recently. This paper has presented data from Japan, but its relevance is worldwide, as there are many countries where the epidemic of smoking related diseases is not yet sufficiently mature---especially among women---for the full risks of smoking to be apparent.

What is already known on this topic
-----------------------------------

1.  In a prospective study of British doctors, those who smoked cigarettes throughout their adult life died about 10 years earlier than lifelong non-smokers, while in the US Framingham Heart Study life expectancy in continuing smokers was also nearly 10 years lower than in lifelong non-smokers

2.  In contrast, analyses of data from four large prospective studies in Japan had suggested that smoking reduced life expectancy by only about four years

What this study adds
--------------------

1.  Japanese smokers born before about 1920 smoked fewer cigarettes per day on average than those born more recently, and many Japanese smokers born before 1945 did not start smoking until well into adult life

2.  Japanese smokers born since 1920 and who started to smoke early in adult life had smoking habits similar to those of smokers in the British Doctors' Study and the Framingham Heart Study and, as in those studies, continuing smokers lost about 10 years of life compared with lifelong non-smokers

3.  Previous Japanese studies have underestimated the effect of smoking for modern Japanese adults because they included large numbers of people born in the first few decades of the 20th century who had started smoking at later ages and smoked at lower intensities than is typical of Japanese smokers born more recently

4.  The findings of this paper are of relevance to all populations where the epidemic of smoking-related diseases is not yet sufficiently mature for the full risks of smoking to be apparent
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